ABSTRACT Rates of development of Melanoplus sanguinipes F. from Alaska were determined at eight constant temperatures between 21 and 42ЊC. Diurnally alternating temperatures were used to estimate rates of development at temperatures too low for nymphs to complete development under constant temperatures. Two previously published equations were Þt to these data and used to predict developmental rates as a function of temperature. The Þrst equation, nonlinear and only approaching zero rate of development asymptotically, was Þt to the data from constant and alternating temperature treatments. The second equation, which included an intercept, was Þt to the data from constant temperature treatments only. Estimated developmental times based on these equations were tested against observed developmental times in two ßuctuating temperature regimes in growth chambers, and two seasons of Þeld sampling. Elevation of body temperature of grasshoppers above ambient temperatures in the Þeld was modeled as a linear function of solar irradiance, based on Þeld measurements. The effect of behavioral thermoregulation on nymphal developmental times in the Þeld was estimated using standard air temperatures and solar-adjusted temperatures. Rates of development under most of the constant temperature treatments were higher than any previously published for M. sanguinipes. Estimated rates of development in the Þeld using air temperatures only were about one-half those using solar-adjusted temperatures. Observed developmental times in the Þeld were 45 and 42 d in 2000 and 2002, respectively. Because of local adaptation and behavioral thermoregulation, duration of nymphal stages in M. sanguinipes is relatively independent of latitude.
THE GRASSHOPPER, Melanoplus sanguinipes F., has a very wide geographical range (Hebard 1929, Vickery and Kevan 1983) , including subarctic regions where it is a sporadic, but potentially very damaging, pest of small grain and vegetable crops. This species of grasshopper must overwinter as eggs, and the short summers at high latitudes allow only a limited amount of time for nymphs to complete development, and the adults to reproduce. Total mean annual degree-day (DD) accumulation for Fairbanks, AK, is 80 and 510, for base temperatures of 17.8 and 10ЊC, respectively. For comparison, in Montana, Kemp and Onsager (1986) estimated that M. sanguinipes required from 235 to 310 DD (base 17.8ЊC) to complete nymphal development, and in Saskatchewan, Gage et al. (1976) estimated nymphal development for three species of grasshopper combined, including M. sanguinipes, required 590 DD (base 10ЊC). An evaluation of the phenology of subarctic populations of M. sanguinipes may provide insights into the means by which this insect has adapted to northern climates, and it provides an opportunity to evaluate phenological models near the limit of this species range.
The duration of immature stages is often an important determinant of the overall Þtness of an organism (Roff 1992) , and temperature is the primary factor determining developmental rates in insects. Accurate and reliable phenological models are critical for many applications: prediction of geographic ranges of invasive pests or proposed biocontrol agents (Bradshaw et al. 2000, Regniere and Nealis 2002) ; forensic investigations (Smith 1986 , Greenberg 2002 ; prediction of the effects of climatic change Powell 2001, Bryant et al. 2002) ; analysis of life history strategies (Ayres and Scriber 1994, Bradford and Roff 1997) ; development of realistic simulation models (Logan and Bentz 1999) ; understanding parasitoid/pathogenÐ host relationships (Carruthers et al. 1992, Bokor and Cagan 1999) ; and for the optimal timing of pest management actions (Kemp and Onsager 1986 , Berry 1995 . A great deal of effort has been expended by scientists to develop reliable models of insect phenology, but there are numerous challenges in their development (Baker 1980) , such as the confounding inßuences of insolation, variable microclimates, and food quality.
It is well known that, for many insects and particularly grasshoppers, body temperature is often substantially higher than air temperature through absorption of solar irradiance (Chappell and Whitman 1990 ). Lactin and Johnson (1996) demonstrated that grasshoppers actively regulate internal body temperatures (behavioral thermoregulation). A related problem is that the temperature where an insect is located may be considerably different than air temperatures recorded by standard meterological devices. During daylight hours while surfaces are heated by solar irradiance, temperatures are higher closer to the ground.
These considerations complicate the development of phenological models beyond an accounting of the physical processes of, e.g., heat transfer, convection, and absorption of solar energy, because the insectÕs behavior also has to be considered, e.g., how much time it spends in a given microhabitat, its orientation to the sunÕs rays, and its preferred temperature (Lactin and Johnson 1998) . Nevertheless, any robust phenological model needs to incorporate the effects of behavioral thermoregulation and microclimate. Empirical models Þt to Þeld observations do this implicitly (Gage et al. 1976, Kemp and Onsager 1986 ), but such models will not be robust with regard to variations in temperature and cloud cover from place to place or year to year.
Another challenge involves the selection of appropriate equations and algorithms (Wagner et al. 1984) . Typically, the developmentÐtemperature relationship is determined by measuring developmental rates in the laboratory at a range of constant temperatures. The minimum temperature at which individuals are able to complete development under constant temperature regimes is often assumed to be a threshold below which no growth or development occurs. This assumption may not be valid when diurnal temperature ßuctuations drop below the putative threshold for a few hours daily. It seems likely that some growth and development takes place at these lower temperatures even though the insects may not be able to complete development or survive indeÞnitely when maintained at constant low temperatures. A phenological model that assumes such a threshold will overestimate developmental time when insects spend a substantial portion of the day below "threshold" temperatures (Worner 1992) . Usually the temperatureÐ development rate relationship is nonlinear, especially at lower temperatures (Worner 1992) , whereas degree-day calculations assume a linear relationship. A nonlinear development versus temperature curve will result in fewer degree-days required under cooler temperature regimes than warm (Worner 1992) because development is proceeding faster than predicted at low temperatures. This seems to be the case in Kemp and Onsager (1986) , where M. sanguinipes required Ϸ25% fewer degree-days to complete nymphal development in a cool year versus a warmer year.
Other factors also may affect developmental time of insects. It is a common observation that developmental rates of grasshoppers vary with respect to food quality (Pfadt 1949, Traxler and Joern 1999) . Photoperiod has also been shown to affect developmental times of M. sanguinipes (Dean 1982 , Dingle et al. 1990 , with development proceeding more quickly under shorter photoperiods. Although short photoperiods, if they have any effect, often act as a signal that the end of the growing season is approaching and the insect may respond with accelerated growth rates (Masaki 1978) , it is conceivable that the extremely long days at high latitudes may provide an opportunity for more continuous feeding, thus accelerating development. Growth rates may also differ among locally adapted populations. Dingle et al. (1990) showed that developmental times of M. sanguinipes differed, probably due to genetic differences, among populations arrayed along an altitudinal gradient, with higher altitude populations requiring less time to complete nymphal development at a constant temperature of 33ЊC.
The objective of this study was to assess the relative importance of factors, including thermoregulation, model selection, local adaptation, and photoperiod, that inßuence accurate and robust phenological predictions of nymphal developmental times of M. sanguinipes under subarctic conditions. This information will lead to more robust phenological models for evaluation of pest management tactics and for life history analyses and also may contribute to a better understanding of the effects of climate change on grasshopper phenology.
Materials and Methods
Growth Chamber Experiments. Models of nymphal developmental times were generated from observations of growth rates in the laboratory. Developmental rates at temperatures too low for the grasshoppers to complete development under constant temperatures were estimated from diurnally alternating temperature regimes. The accuracy of the temperatureÐ developmental rate models were evaluated using two ßuctuating temperature regimes in the growth chambers and 2 yr of Þeld observations. Eggs (F1 or F2 generation from adults collected near Delta Junction, AK), stored in moist vermiculite, were allowed to hatch at 25ЊC. Within 24 h of hatching, grasshoppers were transferred to acetate tubes (10 cm in diameter by 30 cm in length) capped on both ends with wire screens, and the tubes were placed in controlled temperature chambers. Trials at each temperature consisted of three tubes of 20 individuals each. Grasshoppers were fed ad libitum with organically grown Romaine lettuce and wheat bran treated with a 6% solution of sulfamethazine sodium (Sulmet) at a rate of 250 ml/kg of bran. Grasshoppers were examined daily, and the numbers in each instar was recorded. Any newly molted adults were removed from the tubes, weighed, and placed in separate cages. Differences in adult weight among the temperature regimes was tested with analysis of variance (analysis of variance) followed by TukeyÕs multiple comparison test (PROC GLM, SAS Institute 1996) . MalesÕ and femalesÕ weights were analyzed separately. Differences in survival among temperature regimes was tested using a multiple comparisons test for proportions, analogous to TukeyÕs test, as described by Zar (1999) . Photoperiod in all trials was 20:4 (L:D) h, unless otherwise noted, to simulate summertime daylight hours at 65Њ N latitude. Light was provided by ßuorescent tubes (Sylvania cool-white). Relative humidity varied from 35 to 50%.
Developmental rates were determined 1) at eight constant temperatures from 21 to 42ЊC at 3Њ intervals, 2) at three alternating temperature regimes, and 3) at two ßuctuating temperature regimes. The alternating temperature regimes consisted of diurnal, rectangular thermoperiods (12 h high:12 h low), alternating between the high temperature of 33ЊC in each case, and low temperatures of 21, 18, or 15ЊC. The ßuctuating temperature regimes consisted of 1) a sine-wave pattern with a 24-h period with a high of 33ЊC and a low of 15ЊC, and 2) an irregular pattern that repeated over a 2-d cycle ( Fig. 1) , with a high temperature of 38ЊC the Þrst day and 30ЊC the second day, and a low temperature of 14ЊC each day. In addition, grasshoppers were reared at 27ЊC constant temperature under short day conditions of 10:14 (L:D) h to assess the effect of photoperiod.
Median date of the Þnal molt was determined with probit analysis (SAS Institute 1996) for each temperature regime. Each tube of 20 individuals was treated as a separate replicate. There were three replicates per group. Rates of development were calculated for each constant temperature regime as the reciprocal of the median number of days from egg hatch to adult molt. The observed times from egg hatch to adult under alternating temperature regimes were used, in conjuction with observed developmental rate at 33ЊC constant, to estimate developmental rates at temperatures too low for grasshoppers to complete development under constant temperatures. Developmental rates (per day) were estimated for the low temperatures in the alternating temperature regimes as 1/d ϭ 0.5 r (33) ϩ 0.5 r (low) , which was rearranged to give r (low) ϭ 2/d Ϫ r (33) , where r (33) and r (low) are developmental rates at 33ЊC and the low temperature, respectively, and d is the observed median number of days from egg hatch to adult molt under the alternating temperatures.
Two equations were used to model developmental rates as a function of temperature. The Þrst was a nonlinear equation derived by Logan et al. (1976) , which only approaches zero asymptotically at low temperatures.
where r (T) is the rate of development at temperature T, and Tmax, p, and ⌬ are parameters controlling the shape and height of the curve. The second equation was a modiÞcation of the Þrst equation as described by Lactin et al. (1995) , which provides an intercept, , representing a low-temperature developmental threshold:
Parameters were Þt to equation 1 by using observed developmental rates from the constant temperature regimes (excepting the 21ЊC treatment) plus the estimated rates of development at 15, 18, and 21ЊC from the alternating temperature regimes. Parameters were Þt to equation 2 by using data from the constant temperature regimes only.
To compare developmental rates of the Alaskan population of M. sanguinipes to those from lower latitudes, the Þrst equation was used to model data from previously published reports of nymphal developmental times for M. sanguinipes (Parker 1930 , Shotwell 1941 , Brett 1947 , Pfadt 1949 , Smith 1959 , Putnam 1963 , Anderson et al. 1979 , Kemp and Dennis 1989 , Dingle et al. 1990 .) All equations were Þt using the GaussÐ Newton least-squares method (PROC NLIN, SAS Institute 1996) .
I evaluated the three models mentioned above, in the absence of thermoregulation, by comparing predicted with observed time from egg hatch to adult under the ßuctuating temperature regimes in controlled environment chambers. Predictions were generated by the rate summation method (Stinner et al. 1974 , Worner 1992 . Incremental developmental units were calculated on an hourly basis by dividing by 24 the modeled daily rates of development at each temperature of the daily cycle. Predicted time to adult molt was taken to be when summed cumulative developmental units equalled 1. The equations described above were evaluated by comparing cumulative developmental units at the actual median time of adult molt.
Insolation and Grasshopper Internal Temperatures. Internal body temperatures were measured in freshly killed (by freezing) grasshoppers of various ages and sizes by inserting copper-constantin thermocouples into the thorax through the sternum. Grasshoppers were weighed before temperatures were measured. Temperatures were measured with the grasshoppers at ground level and perpendicular to the sunÕs rays. This location and position allowed estimation of the maximum possible temperature increase by behavioral thermoregulation (Lactin and Johnson 1998) . Measurements were taken with individuals on three different substrates: bare ground, green leaves, and dry leaves. Simultaneously, solar irradiance was measured with a silicon pyranometer (LI-200X, LiCor, Lincoln, NE), and shaded air temperature was measured at 1.25 m. All measurements were recorded within 1 h of removing the grasshoppers from the freezer, to avoid effects of drying.
Elevation of body temperatures was expressed as degrees above air temperature. The relationship between elevation of body temperature and solar irradiance was modeled using linear regression (PROC REG, SAS Institute 1996) . To assess the importance of substrate on elevation of body temperatures, an analysis of covariance (ANCOVA) was conducted with the difference between air and body temperature as the dependent variable, substrate as the main factor, and solar irradiance as the covariable (PROC GLM, SAS Institute 1996, Zar 1999).
Field Observations. Seven sampling locations were selected in spring 2000 before any grasshoppers had hatched. Samples were taken in 2000 and 2002. Grasshopper populations were too low in 2001 for meaningful data. At each location, two or three times per week, beginning before egg hatch and continuing throughout the nymphal stages, grasshoppers were collected with a sweep net. Sweep samples were frozen and grasshoppers were later sorted according to species and instar. Median date of egg hatch was estimated to be 2 d before the date of maximum numbers of Þrst instars in the population. Median adult molt was estimated using probit analysis as described above for the growth chamber observations. Observations were weighted by the number of individuals in each sample. All sampling locations were within a 10-km radius of a weather station at the University of Alaska experiment farm (64Њ N, 114.5Њ W), southeast of Delta Junction. All sites were chosen to represent a variety of vegetation types typical of the area. The weather station measured air temperature at 1.25 m above ground level, and solar irradiance (Watts per square meter) with a class I pyranometer [model CM-6, Kipp & Zonen (U.S.A.) Inc., Bohemia, New York] The weather station recorded hourly means of readings made at 1-min intervals.
Developmental times under Þeld conditions were predicted using four methods. First, developmental rates from the growth chamber observations were used to Þt equation 1, which was then used to estimate developmental times in the Þeld based on 1.25-m air temperatures. Second, predictions were made with the same equation based on solar adjusted temperatures. Third, data from the constant temperature treatments in the growth chamber were used to Þt equation 2 (with a developmental threshold), which was then used to predict developmental times based on solar adjusted temperatures. Finally, published developmental rates for M. sanguinipes from lower latitudes were used to Þt equation 1, and predictions of developmental times in the Þeld were generated using solar adjusted temperatures. Predicted developmental times were generated by hourly summation of growth increments, as described above, for each of the four methods. Solar-adjusted temperatures were generated using the previously determined linear relationship between solar irradiance and elevation of body temperatures. An upper limit of estimated grasshopper temperatures was set at 39ЊC, which is near the observed preferred maximum temperature for several species of grasshopper {Kemp 1986, Carruthers et al. 1992, Lactin and Johnson 1996) . When solar irradiance was too low to signiÞcantly elevate body temperature, as determined by the intercept of the linear solar-body temperature equation, body temperatures were assumed to be equal to recorded air temperature.
Results
Nymphal Development at Constant and Alternating Temperatures. Survival rates and fresh weights of adults were lower at the high and low extremes of the constant temperature treatments (Table 1) . There was little difference in survival or weight among any of the alternating temperature regimes and the middle range of constant temperatures. Developmental times decreased with increasing constant temperatures up to 39ЊC. There was no difference in developmental times between short days and long days at 27ЊC (Table 1) .
Nonzero developmental rates at 15 and 18ЊC, estimated from the alternating temperature regimes, indicate that some growth and development was taking place at these temperatures (Fig. 2) . Developmental rate at 21ЊC estimated from the alternating temperatures seemed to be greater than that observed for the 21ЊC constant temperature (Fig. 2) . Survival rate and weights at constant temperatures of 21, 24, and 42ЊC were lower than other treatments (Table 1) , indicating that grasshoppers were stressed when maintained at these temperatures constantly. Observed nymphal developmental rates were nearly all greater than any previously published times at the same constant temperatures (Fig. 2) .
Both equations provided a good Þt to the data: equation 2 to the constant temperature regimes and equation 1 to the constant temperatures plus low temperature developmental rates from the alternating regimes ( (Fig. 3) . The median date of adult molt was 16 July and 9 July, in 2000 and 2002, respectively, resulting in somewhat shorter nymphal developmental times in 2002 than in 2000 (Table 3 ). Fresh weight and femur length of Þeld-collected females was within the range of published data from lower latitude populations (Fig. 4) .
Elevation of grasshopper body temperatures over ambient was primarily inßuenced by solar irradiation (ANCOVA, F ϭ 241.0, P Ͻ 0.0001). Substrate type may have had some effect on thermoregulation (AN-COVA, F ϭ 2.75, P ϭ 0.071). Because the effect was not strong, and because of the difÞculties in attempting to estimate the amount of time a grasshopper spent on different substrates, all data were combined in a single linear equation that provided a reasonable estimate (r 2 ϭ 0.78) of the effect of solar irradiance on internal temperatures of grasshoppers (Fig. 5) . Below 98 W/m 2 , elevation of body temperature was negligible. Table 1 ). Solid line, equation 1 (Logan) Þt to Alaskan data only, including rates at 15, 18, and 21ЊC estimated from alternating temperature regimes; dotted line, equation 1 (Logan) Þt to previously published data from lower latitudes, including rates at 12 and 22ЊC estimated from alternating temperature regimes (Parker 1930) ; dashed line, equation 2 (Lactin) with intercept Þt to data from Alaskan populations at constant temperatures only. See text and Table 2 for details on equations. (Table 3 ).
Discussion
M. sanguinipes in subarctic Alaska completed development in Ͻ45 d, similar to that reported in warmer climates (Kemp and Onsager 1986) , even though ambient temperatures were much lower. By modeling developmental rates by using various methods, I was able to assess the relative contributions of thermoregulation, "below threshold" development, and local adaptation to rapid nymphal development in high-latitude populations of M. sanguinipes.
Some assumptions were necessary to estimate thermoregulation under Þeld conditions. One is that grasshoppers did not allow body temperatures to exceed 39ЊC. Observations of Þeld populations (Parker 1930 , Kemp 1986 ) suggest grasshoppers avoid temperatures higher than this. In laboratory experiments, Carruthers et al. (1992) found that grasshopper Camnula pellucida (Scudder) maintained body temperatures near 39ЊC, and Lactin and Johnson (1996) found that 40ЊC was the modal body temperatures for nymphs of M. sanguinipes, when allowed to freely position themselves in a temperature gradient. Observed developmental rates in the Alaskan population peaked near 39ЊC, making it a logical choice, although survival and adult weights were not at the optimum at 39ЊC constant temperature. In reality, estimated body temperatures did not reach 39ЊC frequently and at most for only a few hours per day. Another assumption was that grasshoppers maintained orientation and location that maximized aborption of solar energy, i.e., that grasshoppers attempted to elevate body temperatures as near to the optimum (Ϸ39ЊC) as possible. Thus, measurements of grasshopper internal body temperatures were made with grasshoppers in contact with a substrate that was also solar heated, and with body oriented perpendicular to sunÕs rays. To incorporate the effects of behavioral thermoregulation with as few assumptions as possible, I used simple linear regression to relate temperature elevation to solar irradiance and disregarded effects of wind. Although wind is undoubtedly an important factor in thermoregulation (Lactin and Johnson 1998) , the difÞculties in estimating wind speed at ground level preclude the use of this factor in operational situations.
I assumed that grasshoppers were not able to thermoregulate in the growth chambers, thereby providing a means to assess the contribution of behavioral thermoregulation to the rapid growth. Endothermy, or metabolic thermoregulation, has only been demonstrated in grasshoppers while in ßight (Chappell and Whitman 1990) . Equation 1, Þt to Alaskan data and that only approaches developmental zero asymptotically, gave a reasonable prediction of developmental times under ßuctuating temperatures in the growth chambers, lending some conÞdence that it accurately describes developmental rates within the temperature range examined (14 Ð39ЊC). In the Þeld, low temperatures were often lower than low temperatures in the growth chambers. If the models do not accurately describe development at these lower temperatures, it would alter the predicted number of days required to complete development in the Þeld, but it would have little effect on the relative ranking of the different methods in terms of accuracy of predicted development. Comparison of developmental times predicted by using ambient temperatures with predictions by using solar-adjusted temperatures indicates that grasshoppers cut the time spent in nymphal stages by approximately one-half through behavioral thermoregulation.
Days are long at high latitudes, but the low angle of the sun for much of the time probably does not allow thermoregulation for many more hours per day than at lower latitudes. Examining the solar irradiance readings, assuming that 100 W/m 2 is required to raise body temperatures signiÞcantly (Fig. 5) , on clear days near the summer solstice, grasshoppers could only expect to elevate body temperatures above ambient for Ϸ15 h per day at latitude 64Њ N compared with 13 h per day for Miles City, MT (latitude 46.5Њ N, NOAA 2002) . The relative beneÞts, in terms of developmental rates, derived from thermoregulation at higher latitudes would be much greater because lower ambient temperatures would allow grasshoppers (via behavioral thermoregulation) to maximize absorption of solar energy without exceeding their optimum temperature. At lower latitudes, daytime summer temperatures may regularly exceed 30ЊC, so grasshoppers would not need to elevate body temperatures as much to reach their optimum temperature and the relative increase in body temperature and developmental rates would be less.
Estimation of low-temperature developmental rates from alternating temperature regimes assumed no physiological acceleration due to variable temperatures, i.e., development at the two alternating temperatures was not inßuenced by the alternating temperature, or the span between the two temperatures, or the thermoperiod. Liu et al. (1995) analyzed the literature on insect developmental rates and found little evidence for such effects. Equation 1, Þt to Alaskan data and that only approaches developmental zero asymptotically, gave a reasonable description of developmental times under ßuctuating temperatures in the growth chambers, whereas equation 2, based on constant temperature data only and that predicted a developmental rate of zero below 16.4ЊC, underestimated development. In the Þeld also, equation 2, using solar-adjusted temperatures, underestimated developmental times. These results, along with the results of the alternating temperature regimes, indicate that signiÞcant growth and development occurred at temperatures below that which is sufÞcient for M. sanguinipes to complete development under constant temperatures. It seems that, at least for M. sanguinipes, it is not very useful to estimate developmental thresholds based only on the results from constant temperature regimes. Incorrect thresholds will weaken the robustness of the model, even if calibrated to local conditions, to seasonally changing temperature regimes or interannual variation in weather (Worner 1992) .
The same equation, but Þt to data from lower latitudes, underestimated development in the Þeld, indicating the inßuence of local adaptation on phenology of subarctic populations. Without rearing the insects from different populations simultaneously under identical conditions, I cannot unequivocally state that genetic differences are responsible, because rearing conditions (e.g., food and humidity) may account for some of the discrepancy between developmental rates of M. sanguinipes in this study versus previously published reports. Nevertheless, populations of M. sanguinipes from differing thermal environments have been shown to develop at different rates under identical conditions (Dingle et al. 1990) , and because the developmental rates in this study are the highest ever reported for M. sanguinipes at several temperatures, it seems that genetically based population differences in developmental rates are likely.
Another assumption placed median egg hatch at 2 d previous to the observed peak percentage of Þrst instars. Unlike lower latitudes, where hatch of M. sanguinipes is often spread out over several weeks (Onsager 1987) , hatching in Alaska occurs within a very limited time frame, making estimation of median hatch less challenging. All model predictions of cumulative development were lower for 2002 than 2000 or the ßuctuating regimes in the controlled environments (Table 3) . If the actual median hatching date was, for instance, 2 d later than estimated, all models would have two extra days of accumulated developmental units, and so predictions of the date of median adult molt would be relatively early. Nevertheless, starting from different hatching dates would not greatly change the performance of the different equations relative to one another.
I also assumed food quality did not affect nymphal developmental rates in the Þeld. There was a great variety of plants at the locations where grasshoppers were collected, and it seems likely that M. sanguinipes could select an adequate diet from among them (Behmer and Joern 1993). Also, rainfall was such that plants remained green and actively growing throughout the nymphal stage.
The data used to estimate developmental rates from lower latitudes were from a variety of published experiments. The studies used in the analysis did not all use grasshoppers reared under optimal conditions, intentionally, thus introducing some bias. Nevertheless, it seems that local adaptation may be an important source of error in phenological models. This means that a single, regionally independent phenological model for M. sanguinipes may not be possible. Phenological models must be calibrated to local populations and the geographical boundaries where each model is applicable need to be determined.
Through behavioral thermoregulation, and probably genetic adaptation, M. sanguinipes in Alaska was able to complete nymphal development in about the same amount of time as at lower latitudes. This observation suggests that M. sanguinipes is well adapted to moderate climatic perturbations and that climate change may not greatly affect nymphal developmental times. 
